G laucoma is a degenerative optic neuropathy characterised by optic nerve head changes and visual field loss often related to raised intraocular pressure (IOP). Factors other than IOP are likely to have a role in the pathogenesis of glaucomatous optic neuropathy, particularly in individuals with normal tension glaucoma (NTG).
Neurological research has linked apolipoprotein E (ApoE) alleles to neuronal death (and survival) in cerebral ischaemia. Apolipoprotein E is an essential component of circulating lipoproteins and is a ligand for low density lipoprotein receptors. It exists as three common isoforms E2, E3, and E4, encoded by different alleles (e2, e3, e4) on a single gene on chromosome 19 . Each isoform differs by a single amino acid but these changes modify receptor binding and lipid metabolism. In individuals with acute cerebral ischaemia, such as an intracerebral haemorrhage, the e4 allele confers a much higher mortality, or poorer functional recovery if the individual survives, than the presence of the more common e2 and e3 alleles. 1 Possession of the e4 allele is associated with a reduced outcome after traumatic head injury, 2 3 and increased risk of earlier development of Alzheimer's disease. 4 In the rat eye, ApoE has been demonstrated to be synthesised by Muller cells, and secreted into the vitreous, where lipoproteins are assembled. ApoE is absorbed by the ganglion cells (RGC), transported down the optic nerve, and may have a role in axonal nutrition. 5 This possible role in RGC metabolism, together with its documented effect on neuronal survival following ischaemic and other insults, has led to the hypothesis that particular ApoE isoforms could be related to neuronal damage in glaucoma patients. 6 The purpose of this study was to determine if common polymorphisms in the ApoE gene were associated with disease in a population of patients with normal tension glaucoma (NTG), a condition where retinal ganglion cells appear to be lost at lower intraocular pressure than is seen in primary open angle glaucoma.
PATIENTS AND METHODS
A total of 155 unrelated patients with NTG were recruited from glaucoma clinics in Oxfordshire and Buckinghamshire. Ninety subjects (58%) were female and 65 male, with an age range of 34-90 years (mean 70 years). The study was approved by the Central Oxford Research and Stoke Mandeville Hospital ethics committees, and informed consent was received in each case.
The diagnosis of normal tension glaucoma was modelled on that used by the Collaborative Normal Tension Glaucoma Study Group. 7 All subjects had glaucomatous optic neuropathy with corresponding visual field defects, and an intraocular pressure (IOP) never higher than 22 mm Hg at any point throughout their follow up period (median 50 months). Phasing of the IOP was not routinely performed. A subgroup of 53 patients who had evidence of progressive optic neuropathy and visual loss over an average period of 50 months was identified.
A control population of 349 subjects was used. 8 These were 57% female, aged 55 years (mean (SEM 18)) and from a similar geographic region to the NTG population, having no known glaucoma at the time of investigation. This group are a representative group to determine the distribution of ApoE gene polymorphisms in the local white population. Their ApoE polymorphism distribution is similar to other white populations in the literature.
ApoE genotype was determined with the investigator blind to the subjects' clinical history. Peripheral blood leucocyte DNA was extracted, and a 246 bp fragment of the ApoE gene was amplified by PCR, followed by mapping of restriction fragments obtained by digestion with Hha1, on 4% metaphor agarose gels. 9 This allowed simultaneous identification of the three alleles for determination of the genotype in each patient.
Statistical analysis of frequency of ApoE genotypes and alleles was performed by x 2 test and determination of the Mantel-Haenszel coefficient. Power calculations suggested that significant differences in genotype and allele frequency at the p,0.05 level would be observed with more than 150 patients.
RESULTS
The allele frequency of NTG patients and controls is shown in table 1 and the distribution of ApoE genotype is shown in table 2. There was no significant difference in frequency of ApoE alleles or genotype between the normal tension glaucoma group and the control population. In addition, comparing those patients with progressive NTG disease to the controls revealed no association between ApoE genotype and disease progression (table 2) .
DISCUSSION
It is well recognised that intraocular pressure is not the only factor responsible for optic nerve head damage in glaucoma. There is a considerable body of evidence to show that ApoE genotype affects vulnerability of neurons to ischaemia, survival and recovery after head injury, 1 as well as its role in Alzheimer's disease. 2 10 11 Our study was designed to see whether patients who had glaucomatous optic neuropathy despite normal IOP had a higher risk of developing the disease as a result of their ApoE genotype.
Criteria for the diagnosis of normal tension glaucoma were similar to those used in the Collaborative Normal Tension Glaucoma Study, 7 with the exception that the cut off for IOP was 22 mm Hg in our study, and no washout period was undertaken to re-evaluate baseline IOP. Patients were not phased before entry. We subdivided the group into those who had documented proof of progression despite normal IOP and those who did not show progression. This approach has the advantage of making no assumptions about the patients' condition before review and ensures that those that have progressed have done so during a period in which their measured intraocular pressures have remained within the normal range. The obvious consequence of this is that patients with subtle deterioration, and those that have been followed for a short period of time, may have been labelled as non-progressive when time could demonstrate otherwise.
A negative association between the e4 allele and risk of development of age related macular degeneration, 12 13 has been demonstrated, at least in familial cases with an earlier onset.
14 A fourfold increase in the incidence of the homozygous e2/e2 genotype in 100 Scottish retinitis pigmentosa families, and an eightfold increase in the e4/e4 homozygous genotype, compared to the general population, has been observed. 15 In glaucoma, the ApoE promoter gene polymorphisms have been shown to affect optic nerve damage and visual field loss. ApoE promoter and myocilin gene polymorphisms interact to affect optic nerve cupping and visual field loss in POAG. 16 In addition, ApoE promoter variants incur risk for Alzheimer's disease independent of the e4 allele, suggesting ApoE expression may have a role in disease pathogenesis. 17 18 Our study found no link between ApoE genotype and normal tension glaucoma. This is in contrast with the findings of Vickers et al, 6 who found an association between the e4 allele and NTG in the Tasmanian population. However, their sample sizes were smaller (70 NTG and 51 controls) and the allele frequency in their control population was different from that observed in other white populations (Tasmanian e2:e3:e4 14.7%: 73.5%: 11.8%, WHO MONICA project 19 4.3-12.4%: 74.1-80.8%: 7-19.9%, our data 8.0%: 76.5%: 15.5%). The reason for the dissimilar findings is not clear and may reflect a regional difference in the Tasmanian ApoE genotype frequencies. The lack of an association of the common polymorphisms of the ApoE gene with NTG in a large white population suggests that this factor does not have a significant role in the pathogenesis of the optic neuropathy in NTG. 
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